Treatment of Buckling in the New British Code by Rhodes, J.
Missouri University of Science and Technology 
Scholars' Mine 
International Specialty Conference on Cold-
Formed Steel Structures 
(1986) - 8th International Specialty Conference 
on Cold-Formed Steel Structures 
Nov 11th, 12:00 AM 
Treatment of Buckling in the New British Code 
J. Rhodes 
Follow this and additional works at: https://scholarsmine.mst.edu/isccss 
 Part of the Structural Engineering Commons 
Recommended Citation 
Rhodes, J., "Treatment of Buckling in the New British Code" (1986). International Specialty Conference on 
Cold-Formed Steel Structures. 4. 
https://scholarsmine.mst.edu/isccss/8iccfss/8iccfss-session1/4 
This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been 
accepted for inclusion in International Specialty Conference on Cold-Formed Steel Structures by an authorized 
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including 
reproduction for redistribution requires the permission of the copyright holder. For more information, please 
contact scholarsmine@mst.edu. 
Eighth International Specialty Conference on Cold-Formed Steel Structures 
St. Louis, Missouri, U.S.A., November 11-12, 1986 




The approaches used to deal with various types of buckling in the new British 
design code for cold formed steel sections are described. The new code is 
written in limit state terms, and to illustrate the limit loads given by the 
code comparisons are made with experimental results and with the 1980 AISI 
Specification. 
INTRODUCTION 
In the United Kingdom the new design code 'BS.5950 : structural use of 
steelwork in building' has been under development for a number of years, and 
various parts of this code have now been published. Part 5 of this 
specification is the 'Code of Practice for the Design of Cold Formed 
Sections'. This part was published in the form of a draft for public 
comment in November 1984, and the final draft will be published in 1986. 
As with all parts of BS.5950, the new code of practice is written in limit 
state terms. This cQde will replace the existing speCification, BS.449, 
Addendum No.1 (1975)(1) and is much more comprehensive in its coverage of the 
various aspects of design. In drafting (t~e code a great deal of attention 
was paid to the 1980 AISI Specification 2, the Draft European 
Recommendations (3) as well as to various other national specifications and 
to recent research in Europe and America. Where it was deemed appropriate 
parts of other specifica-tions, notably that of the 1980 AISI, were 
incorporated with suitable modifications to suit limit state design. 
The previous British Code (1), adopted a tabular set up in which permissible 
stresses etc. were given in table form for ease of use. In recognition of 
the universal availability of microcomputers at the present day the new code 
has been 'formula orientated' for simplicity in programming. However to 
provide some continuity of presentation for designers accustomed to the 
previous specification, tables are also provided as alternatives to the 
formulae in various instances. 
LOAD FACTORS 
The limit state approach used in the new code is rather simple in concept. 
The load capacity of a member of structure at the limit state'Pult,is 
evaluated from an examination of the structure at that state. In assessing 
the design loads for a particular loading system it must then be established 
that the sum of all loads acting each multiplied by appropriate load factors 
does not exceed the calculated load capacity. 




load factor, Y f 
load factor, Y f 




In situations where various loads act in combination these factors can assume 
different values • 
• Reader, Department of Mechanics of Materials, University of Strathclyde, 
Glasgow, Scotland. 
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Where the major loading is imposed loading then, neglecting the dead load 
effect, the design load is approximately 
(1 ) 
Thus in this situation a safety factor of 1.6 on the ultimate load is achieved. 
Similarly in the presence of very high wind loading then a safety factor of 
approximately 1.4 results, 
LOCAL BUCKLING 
(a) Stiffened Elements 
In the new code, local buckling in both stiffened and unstiffened elements is 
dealt with using the effective wid'~h approach. The effective width, b ff' 
of a stiffened element of actual width b is obtained from the expressio~ 
(2) 
where fc is the applied stress and Pcr is the critical stress to cause local 
buckling, given by the expression 
Pcr = 185000 K (~)2 (3) 
where t is the material thickness. 
Equation (3) is derived by inserting values for elastic modulus and Poisson's 
Ratio into the well known plate buckling equation, and K is the local buckling 
coefficient which may be taken as a minimum of 4 for a stiffened element, or 
higher if a higher value can be justified theoretically. 
Figure 1 shows comparison between the effective width factors given by this 
code and those of the 1980 AISI specification. Also shown is the variation 
of CL factors (stress reduction factors) used in the previous United Kingdom 
code. From this figure it could be assumed that the effective widths in the 
new code are in the main less than the 1980 AISI effective widths. This is 
not the case, since the critical stress assumed in the new code can be 
substantially greater than that implied by the 1980 AISI code because of the 
possibility of using enhanced K factor in equation (3). 
In the new code, K factors for a variety of cold formed section elements are 
given diagramatically and by simple formula~ Some of these are illustrated 
in Figure 2. For stiffened elements, K can vary from 4 to about 7, and this 
can significantly affect the effective width of an element. 
The range of effective widths which can be obtained for a stiffened element 
is illustrated in Figure 3, together with the 1980 AISI effective width for 
steel with yield stress of 280 N/mm2 (40.6 ksi) •. 
(b) Unstiffened Elements 
In the case of unstiffened elements, the buckling coefficients are very much 
lower than for stiffened elements. The minimum value of K is taken as 0.425, 
but higher values, up to about 1.28, can be used for elements under uniform 
compression, and up to about 1.7 can be used for elements under combined 
bending and axial load. 
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The effective widths given by equation (2) with the corresponding K factors 
tend to underestimate the actual capacity of unstiffened elements. In view 
of this the effective width of such an element, beu' can be increased by the 
factor 
beu = 0.89 beff + 0.11 b 
where beff is obtained using equation (2). 
( 4) 
A comparison of the axial load capacity of an individual unstiffened element 
given by this approach with that of the 1980 AISI specification is shown in 
Figure 4, for material with a yield stress of 40.6 ksi (280 N/mm2). The 
61 
range of capacities shown are for elements with K factors varying from 0.425 
to 1.28, and this indicates the variety of performance which can be expected. 
In the evaluation of the AISI capacities the safety factor of 1/0.6 was 
removed to permit direct comparison. 
Direct comparison suggests that the ultimate load capacity given by the 1980 
AISI approach is in most cases significantly less than that of the new 
Bri tish code. This is not, however, the complete picture. Since the 
capacities given for the new code are in the forms of effective widths at 
failure then for sections composed of stiffened and lJnstiffened elements the 
effective cross sectional area of the section, and the Q factor, is also 
dependant on the effective widths of the stiffened element calculated on the 
basis of the yield stress. This is a different procedure from that of the 
1980 AISI specification, and so Figure 4 does not necessarily show the 
differences in section capacity given by the two codes. Also, in the design 
of columns, as well as beams, the new Code uses an effective section ·approach, 
which makes possible further complications in drawing true comparisons on the 
basis of individual element examination. 
STIFFENERS 
(a) Edge Stiffeners 
The previous British Code requires that for adequate edge stiffening a simple 
lip of width one fifth of that of the element to be stiffened should be used. 
There has been significant research into the effects of stiffeners in recent 
years, for example (4), and the complexities are more fully understood. At 
the present time a research programme being carried out jointly at TNO, Holland 
and the University of Strathclyde, which includes examination of stiffeners, 
is being sponsored by the European Coal and Steel Community, and the results 
will be available in 1987. However, the old requirement of lips having one 
fifth of the element width is simple, conservative and reliable, and the new 
specification uses a generalisation of this requirement, as follows:-
For adequate edge stiffening of an element width b, the second moment of area 
of the stiffeners, calculated about an axis through the plate middle surface 
must not be less than Imin, where 
I - .ilL 
min - 375 (5) 
A simple lip of width b/5 satisfies this reqUirement, and this can be used 
for b/t<60. For b/t>60 a compound lip, or any other lip not prone to local 
buckling, should be used, with a maximum bit ratio of 90, as in the 1980 AISI 
code. 
(b) Intermediate Stiffeners 
In the deSign of intermediate stiffeners, the general approach of the 1980 
AISI specification has been adopted, including the effective width reductions 
and effective stiffener area reductions. However, in view of the newer 
findings regarding stiffener adequacy (4) the required minimum second moment 
of a stiffener, calculated about an axis through the plate middle surface, is 
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taken as 
(6) 
where w is the sub-element width and Ys is the material yield stress in 
N/mm2• Equation (6) is an approximation to the requirements suggested in 
Ref (4), with modifications to take account of the axis of calculation of 
Imin• In making these rules, it was considered that the second moment of 
area of the stiffener should be determined about the plate axis, rather than 
the stiffener neutral axis used in other codes, as this more closely 
approximates the axis about which bending will occur in practice. 
BEAMS 
(a) Laterally stable beams 
For laterally stable beams design is carried out on the basis of an effective 
cross section together with a limiting web compression stress. The limiting 
web compression stress concept as used in the 1980 AISI specification has 
been criticised because of its limitations with regard to deflection 
determination and its inadequacy in describing the physical realities of the 
situation. Nevertheless, an exhaustive comparison of this approach with 
alternative approaches has indicated that it is very accurate in assessment 
of bending capacity and very simple to use. In view of this, a limiting web 
compression stress approach was adopted, with the maximum compression stress, 
Pc' given by 
Pc = [1.13 - 0.0019 ~ J!~o'] Ys 
where D is the web depth. 
In the case of webs with intermediate stiffeners, appropriate modifications 
to this expression are given. 
The steps taken in evaluating the moment capacity of a laterally stable beam 
are as follows:- First evaluate Pc' next determine the compression flange 
effective width on the basis of Pc and the appropriate K factor, finally 
using the effective width and limi ting stress evaluate the moment capacity, 
Mc. If the stress distribution at the limit condition is such that the 
maximum stress on the tension side is less than the yield stress, Ys ' as 
illustrated in Figure 5(a) then elastic evaluation of Mc is carried out. If 
the stress distribution is such that the tensile stresses reach yield before 
the compression stress reaches Pc' as shown in Figure 5(b) then the failure 
moment can be evaluated on the basis of the elasto-plastic stress distribution. 
Tensile yield is not considered a limiting condition for laterally stable 
beams, and this can in some circumstances result in significant increases in 
the calculated ultimate load over failure loads based on tensile yield. 
The accuracy of ultimate moment predictions for various laterally stable 
beams given by the rules described is illustrated in Figure 6, where the 
ratio of experimental failure moment to predicted failure moment for various 
sections is shown. The experimental results originated from three different 
sources (5) (6) and covered yield stresses varying from 245 N/mm2 to 606 N/mm2 
and web depth to thickness ratios varying from 55 to 256. The predicted 
results can be seen to represent very accurately the experimental performance. 
(b) Utilisation of Plastic Bending Capacity 
For sections which are sufficiently compact, post-compression yield behaviour 
can be tolerated, and this fact is recognised in the new code. A stiffened 
element of width to thickness ratio of 25/280/Ys' can sustain an applied 
strain of about 4 times the yield strain before plastic local buckling 
occurs. Similarly an unstiffened element having width to thickness ratios 
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of 8 280/Ys can sustain 4 times the yield strain before it sheds load by 
buckling plastically. Strains of this magnitude are sufficient to allow 
substantial redistribution of moments in a bending member, and members whose 
compression elements have width to thickness ratios equal to or less than the 
values mentioned are designated 'plastic cross sections', subject to a number 
of other conditions similar to those of the 1980 AISI specification. 
In the analysis of members having 'plastic cross sections' full use can be 
made of plastic limit analysis, involving redistribution of moments. In the 
case of members having compression elements of slightly greater width to 
thickness ratios than those for plastic cross sections, plastic limit analysis 
is not allowed, but some increase in moment capacity due to post compression 
yield reserve strength may be taken into account. 
(c) Web Crushing 
In dealing with web crushing the new code has adopted completely the rules of 
the 1980 AISI specification, with due modification to put these into limit 
state. 
(d) Web Buckling due to Shear 
To take account of web buckling due to shear, the maximum shear stress, p , 
should not be greater than 
( 8) 
This is equivalent to Pv = ;D;~}~ kSi, and, noting that this applies at the 
limit condition, is somewhat conservative in comparison to the 1980 AISI 
specification. 
(e) Lateral Buckling 
The new code considers the lateral buckling behaviour of I, C, Z and T beams, 
which covers the majority of lateral buckling prone beams used in practice. 
In evaluation of the lateral buckling capacity, first the elastic buckling 
moment, ME is calculated. For a C or I section this is determined from 
ME = n'EAD cb/1 + ~ (L .1<)2' (9) 
2(LE/ r )2 20 ry D y v 
where A is the cross-sectional area, LE is the effective length, rx is the 
radius of gyration about he minos axis and cb is the moment variation factor 
as used in the 1980 AISI specification. This differs from the value of the 
ME which would be calculated using the 1980 AISI specification only due to 
the term within the square root sign, which is in fact only slightly greater 
than uni ty for much of the range of beams commonly used. 
The effective lengths, LE, used in determination of ME varies from 0.7L to 
1.1L depending on the support conditions. For most practical circumstances 
a value of 0.9L can be assumed. 
In determination of the ultimate moment to cause lateral buckling, 
Perry-Robertson formula is used to take account of the interaction 
elastic buckling moment, ME' and the plastic failure moment, MI" 
the form 
where 
Mb = 112 [[Mp + (1+n)ME] -j [Mp + (1+n)ME]2 - 4MpME '] 
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This moment, Mb is taken as the ultimate moment for the beam if it is less 
than M9 , the moment capacity obtained by treating the beam as if it were 
laterally stable. If Mb > Mc then Mc is taken as the ultimate moment. 
Figure 7, which is taken from Ref (7), illustrates the variation of design 
moments under imposed load obtained for a particular I section beam with 
variation in L/ry' Also shown, for comparison purposes are the design 
moments obtained on the basis of the 1980 AISI specification. 
COLUMN BEHAVIOUR 
(a) Overall (Euler) buckling 
Determination of the effective area of a short axially loaded member is 
effected by summing the effective areas of all elements, 
1. e. Aeff = Q. A = t beff ( 12) 
The axial load capacity of a column subject to flexural buckling and local 
buckling, Pc' is evaluated using a Perry-Robertson formula of the same form 
as equation (10) 
Le. Pc = 1/2 [[Pcs + (1+n)PEy] -j[Pcs + (1+n)PEY]2 - 4PCSPEy'j (13) 
In this case, PC' is the short strut limit load, Q.A.Ys ' PEY is the Euler 
buckling load ang the imperfection parameter, is given by 
( 14) 
Equation (13) gives the ultimate load for a columm which is doubly symmetric, 
or which is fully effective. For singly symmetric sections which are not 
fully effective the effective neutral axis position changes due to the non-
uniform variation of the effectiveness of different elements of the cross-
section, and this introduces further stresses due to bending. To take this 
into account, the neutral axis position of the effective section is determined 
and the neutral axis shift, es' is evaluated. The ultimate load of the 
column is then determined using the interaction equation 
P _ M P 
ult - iCif:e 
c c s 
( 15) 
where Mc is the ultimate moment to cause failure of the section, bent in the 
appropriate direction, in the absence of axial load. It should be mentioned 
here that any eccentricity of applied loading can also be taken into account 
by adding this to es ' 
The effects of neutral axis movement can be substantial, particularly in 
cases where the section is such that it derives its column strength from 
unstiffened elements, such as plain channels. Figure 8 illustrates this, 
where the predicted ultimate loads are compared with experimental results 
taken from the Swedish Cold Formed Steel Specification (8). The comparison 
suggests a very good accuracy for' the design approach. It is also notable 
that in the case of centroidal loading, e = 0, the analysis indicates that 
the effects of neutral axis shift have reduced the load capacity by almost 
50%. 
Similar agreement with experiment has been shown for this approach in dealing 
with lipped channels, see ref (9). 
(b) Torsional Flexural Buckling 
Consideration of this type of buckling in the previous UK specification was 
markedly different from the AISI approach. Torsional flexural buckling was 
deal t with using effective length multiplication factors, (a factors) for 
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various sections which could then be used together with the flexural buckling 
clauses to assess the design load. This means that for the sections which 
could be dealt with, the design analys:!.s was much simplified. However, 
since ~ factors were only given for selected sections there was a lack of 
generality in the specification and no guidance was given regarding other 
sections. This has been rectified in the new code, which gives a detailed 
general approach, using similar analysis to the 1980 AISI, and also gives 
a factors for common sections to permit simple design for these sections. 
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A more fundamental difference from the 1980 AISI approach lay in the background 
analysis used to determine the factors, in particular the evaluation of PT, 
the torsional buckling load. In the 1980 AISI specification this is 
determined assuming complete freedom to warp in the section under consideration, 
whereas the previous UK specification assumed complete warping restraint. 
This led to very significant differences in the importance placed on torsional 
flexural buckling by the two specifications, with the British specification 
being very much less stringent in its treatment of this type of buckling than 
the 1980 AISI specification. 
In the new code it was considered that the previous use of full warping 
restraint is possibly unsafe, while complete neglect of warping restraint is 
in the main perhaps over conservative. In view of this, a partial warping 
restraint has been introduced in the evaluation of the torsional buckling 
load. 
OTHER BUCKLING CONSIDERATIONS 
Various interaction formulae are also used in the code to deal with combined 
effects, e.g. combined shear and bending. These have in the main been taken 
from the 1980 AISI specification. 
CONCLUSIONS 
The main rules pertaining to the treatment of buckling in the new British 
Cold Formed Steel Specification have been outlined. The treatment of local 
buckling of both stiffened and unstiffened elements uses the effective width 
approach, as distinct from the 'stress reduction factor' approach of the 
previous specification. The approaches used for the design analysis of 
beams and columns have been described and the results illustrated. 
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Cross sectional area 
Effective cross sectional area 
Width of an element 
Effective width of a stiffened element 
Effective width of an unstiffened element 
Factor defining the effect of moment variation on lateral 
buckling 
Depth of web 
Modulus of elasticity 
Load eccentricity on an axially compressed member 
Neutral axis shift due to local buckling 
Compressive stress on an element 
Minimum second moment of area of a stiffener 
Buckling coefficient 
Effective length of a beam or column 
Ultimate moment on a beam in the presence of lateral buckling 
Ultimate moment for a laterally stable beam 
Elastic lateral buckling moment 
Fully plastic moment capacity of a section 
Column failure load under axial loading only 
Euler load for a column 
Torsional Buckling Load for a column 
Ultimate Load for a column under axial load and bending 
Limiting compression stress on a beam web 
Buckling stress for an element 
Maximum shear stress on a web 
Effective area reduction factor 
Radius of gyration of a section about the buckling axis 
Material thickness 
Material yield stress 
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FIG. 1. COMPARISON OF EFFECTIVE WIDTH CURVES 
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Q DENOTES LOAD CAPACITY 
SQUASH LOAD 
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K= 1·28 
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FIG 4. AXIAL LOAD CAPACITIES FOR AN UNSTIFFENED ELEMENT 
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